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|-INTRODUCTION

In a mere fifteen years the electronic digital computer has risen
from a laboratory curiosity to a vital element of present-day civilization.
The phenomenal growth of the computer industry in the United States has been
the subject of many articles, both technical and popular. But too little
attention has been given to the work going on in other countries. Indeed
some very basic research and development is being conducted outside the
United States, proving that there are no boundaries or limitations to the
conception of ideas. It is therefore of inestimable value to keep in
focus these activities and recognize the magnitude of the ever-growing

world market.

While virtually every nation todav is engaged in some sort of
computer activity, the most significant work being done outside the
United States is found in Western Europe. Here several countries, notably
Great Britain, France, Sweden, The Netherlands and Germany have been
active for many years and have well established research groups and
manufacturing concerns. Other nations entered the field more recently,
but are aggressively forging ahead in basic research and product develop-

ment,

In an effort to learn first-hand just what the Europeans are doing
in information processing, the author spent seven weeks touring the con-

tinent and Great Britain, visiting every major area of computer activity.

-1 -
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Through exhaustive interviews, tours of facilities, and examination of
equipment, it was possible to assemble this presentation of the technical

state-of-the-art in Western Europe.

The survey of European activities is presented in four parts:
an introduction; details of some important technological developments
under way; a description of the current activities of each organization
visited, including details of computers and other products; and a series
of charts comparing the characteristics of European computer systems.,
The technological developments include fixed high-speed memories, magnetic
thin films, random-access memories, pattern recognition, learning machines,

hydraulic logic, and problem-oriented languages.
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II-TECHNOLOGICAL DEVELOPMENTS

All over Western Europe important research is being conducted
by both commercial and government organizations in advancing the state
of the computer art. Some of the work parallels that being done in the
United States and elsewhere, while in other cases European groups are
pursuing entirely new ideas. Although not all advanced developments
are revealed to an outside observer, the author was fortunate in seeing
much original and interesting work in process. The items of particular
interest are noted below, categorized by technical subject matter so
that the result of several organizations working in the same area may

be grouped together.

FIXED HIGH-SPEED MEMORIES

There is interesting development work in Western Europe in the
area of fixed high-speed memories, including both technique developments
and application studies. Two techniques receiving particular attention

are wired-core memories and fixed memories using magnetic rods.

Wired-Core Memories

Wired-core memory techniques, well known but little used in the
United States, are extremely popular in Western Europe. Almost every

modern European computer uses some form of wired-core storage.

In wired-core storage, a wire is threaded through a core matrix

in a pattern which represents the stored information. Such memories are

o 9 o




characterized by non-destructive readout, with higher speed (under one
microsecond switching time is typical) and lower cost than coincident-
current memories. Wired-core memories are used to store various fixed or
seldom-changed data; e.g., start-up sequences, basic programs for communi-
cating with peripheral equipment, basic subroutines such as standard
trigonometric functions, program constants, and, Iin some cases, entire
operating programs. The technique is particularly useful in microprogram-
ming, where the cores control logical gates and the structure of the wired-
core matrix defines the logical characteristics of the computer. Industrial
control is one of the areas where wired-core techniques have great

potential application.

Telefunken (Germany) uses E-shaped wire cores in the TR-4, a
large-scale, high-speed, solid-stage computer. One slot of the E-core
stores a ONE and the other slot stores a ZERO. A storage capacity of 256
words 1s achieved with 52 cores and 52 diodes mounted on a single plug-in
card threaded with 256 wires. Telefunken claims an access time of one

microsecond, with a 30 percent cost saving over coincident-current systems.

N.V. Electrologica (Holland) uses wired-core storage {n the X-1
computer. Organized in blocks of 64 words, the storage is used for periph-
eral equipment subroutines. N.V. Electrologica has automated the assembly

of the wired-core matrices with punched paper tape.

Most other European groups are active in wired-core development
and application, particularly Elliott Brothers in England, who have used

the technique for serial and parallel storage In process-control computers.




Fixed Rod Memories

The advantages of wired-core memories are retained and the
disadvantage of inflexibility of modification is overcome in a new memory
system developed at the University of Manchester in England. Using small
magnetic rods inserted in a wire mesh, this 8192-word memory has achieved
the highest operating speed of any known memory of equal size being buiit
into a computer anywhere in the world. Cycle and access times of 0.3 and

0.15 microseconds, respectively, have been achieved in laboratory tests.

The fixed rod memory, developed by Professor Thomas Kilburn for
use in the radically new MUSE computer under development at Manchester,
has a capacity of 8192 48-bit words. A smaller version, with a 256 x 256-
bit capacit: was built at the University of Pisa in Italy for the C.E.P.

computer, using parts supplied by Manchester.

The fixed rod memory is constructed from a woven mesh of copper
wire mounted over a goft plastic. Ferrite rods one millimeter in diameter
and 5 millimeters long are placed in the interstices of the mesh wherever
a ONE is to be stored. The woven mesh for a 4096-word memory is three feet
wide and eight feet long, with 1/16-inch grid spacing. The mesh, folded
in half over the plastic, results in a two-sided frame three by four feet.
There are 256 x 768 loops 1n the mesh, organized as 256 x 16 words of 48

bits each.
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Figure 1. Kilburn Fi:.ed Rod Memory Technique

The wire mesh is formed into loops (see figure 1) by cutting one
horizontal and one vertical edge of the mesh. When a ferrite rod is in-
serted within both a horizontal and vertical loop, it couples these loops
and may be detected. To provide a flux return path for the magnetic field
and to reduce noise, identical rods are inserted in all of the non-coupled

loops.

The memory is organized by switching 48 sense amplifiers to a
selected l-out-of-16 group of 48 loops on the vertical axis. A single
driver switched to one of the 256 loops on the horizontal axis provides

the interrogation.




MAGNETIC THIN FILMS

Research on magnetic thin films {s underway in many laboratories
throughout Europe. 7Two of the organizations visited - IBM Zurich and ICT
in England - made some information available about their programs so that
a brief review of these programs serves as an indication of the state of

the art.

At the IBM Laboratories in Zurich a major program on magnetic
thin films is divided between two groups: one engaged in metallurgical
methods for depositing and heat-treating ferro-magnetic fiims, and the
other concerned with the switching properties of the films and their

application in logical devices and memory.

IBM's investigations show that the ferromagnetic resonance of
a thin film occurs at one kilomegacvcle, which may establish the upper
boundary for speed. The possibility of making use of the ferromagnetic
resonance in new circuits is being studied. Experiments have been con-
ducted on nanosecond switching of film 1000 angstroms thick and 1 centi-
meter square. Output signals of up to 0.1 volt have been obtained,
comparable to signal amplitudes derived from small ferrite cores. Memory

planes are being tested.

Through microscopic examination of the thin film under polarized
light, both the IBM and ICT researchers have been able to observe the do-
main-wall switching and have discovered that the domains "lock up" on

impurities.




In England, International Computers and Tabulators Ltd. 1s active '
in thin-film research. ICT's main emphasis is on improving the reproduci-
bility of the desirable properties of the magnetic thin film, to permit
economical manufacture of large-scale memories with cycle times under 100
nanoseconds. Metallurgical research at ICT has produced a new alloy,
called Gyralloy, which is deposited by vacuum evaporation onto an oxidized
aluminum substrate. The presence of a conductor so near the film gives a
good signal-to-noise ratio and reduces the drive impedance, because mag- l
netic flux cannot penetrate into the conductor in the duration of the
selection pulse. ICT claims no harmful damping effect on the magnetic

reversal with this arrangement.

An experimental thin-film memory assembly built by ICT is shown
in figure 2. The Gyralloy is deposited on the aluminum substrate in a
continuous film, rather than in spots, as is done elsewhere. An insulating
layer 1s applied over the film; over this are printed-circuit copper
conductors, which form the read winding. At right angles to the read
winding are coils of flat wire, with ten turns per coil: again at right
angles to these coils is a set of conductors embedded in a plastic sheet,

for x/y control.

Other European groups engaged in thin-film research include
Siemens & Halske and the Max Planck Institute fuer Physik in Germany, and
Plessey, Mullard, Radio Research Laboratory and the University of

Manchester in England.




ek ekl

Figure 2. ICT Experimental Thin-Film Memory Assembly

RANDOM- ACCESS MEMORIES

The problem of providing random access to large quantities of
stored data has been attacked many ways in the United States and Europe.
Two interesting developments in this area are the Carovsel memory de-
veloped by Facit in Sweden, and the K-10 memory built by Standard Elektrik

Lorenz in Germany.

The Carousel (figure 3) permits access to any of over five
million stored decimal digits in an average of less than two seconds.
it contains 64 small reels of 8-channel magnetic tape mounted in two
concentric circles on a wheel. A given reel of tape is read by index-
ing the wheel so that the selected tape is at the bottom. A weight
attached to the end of the tape drops down past an air-gap read/write
head to an unwinding bin. Photo-electric sensors control start, stop,
and rewind. A fully loaded Carousel wheel can be replaced in about

ten seconds.




Figure 3. TFacit ECM &4
Carousel Memory
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Figure 4., Standard Elektrik
Lorenz K-10 Memory




Standard Flektrik Lorenz' K-10 (figure 4) takes a soumcwhat
different approach to the random-access storage problem. It provides a
storage capacity equal to that of a standard tape transport with a 1000-
meter tape, but with an access time of cnly 2.5 percent that of a con-
ventional unit. The K-10 has ten bine, each containing 100 meters of
tape. Associated with each bin is a read/write head and a drive mecha-
nism. The tapes normally rest with the mid-point over the head, detected
photoelectrically. A typical application uses a crossbar switch, four
tape control units, and nine K-10 units for simultaneous reading or

writing on any four of 90 tapes.

PATTERN RECOGNITION

The most outstanding development work observed in character rec-
ognition in Europe 1s being conducted at the Technische Hochschule in
Karlsruhe, Germany. Solartron in England has produced commercial equip-
ment for character reading. BULL in France, EMI in England, and three

German manufacturers are also working in equipment development.

The Karlsruhe approach, sponsored by the German Post Office, is

a unique combination of analog and digital techniques. The initial input
of a character is straightforward; a flying spot 1s used to scan the
pattern at a rate of 3000 characters per second and the output signal
wave is converted to bits indicating bla:k or white areas. The result

of a"scan is 200 bits (20 vertical by 10 horizontal). A two-dimensional
200-bit shift register stores this image of the original pattern as it
develouns. The system is currently limited to 14 characters; continued

development 1s expected to increase this number.




The first phase of processing centers the character image.

First the character image is transferred from the shift register to an
array of 200 flip-flops which in turn feed a resistor matrix. The re-
sistors are so interconnected that there are four output currents: left
side, right side, top and bottom. The character is scanned and repeat-
edly reloaded into the flip-flop array from the shift register with each
vertical synchronizing pulse. The character effectively moves from left
to right across the array until the left and right currents are equal.

This is defined as horizontal centering.

The flip-flops are cross-connected so that vertical shifting of
the character image is possible. Then the character is positioned so
that the top and bottom currents are equal. This is defined as vertical
centering. The horizontal and vertical "centering'" place each character

image in a unique standard position.

The next phase of processing, which has been thoroughly analyzed
but only partially implemented in hardware, 1s the extraction of salient
features from the pattern. Since the currents flowing in the resistors
represent the "potential field" (figure 5) of the character stored, it is
possible to deduce the key shape features of the character from properties
of this potential field. For a simple example, a node with a maximum

current inflow indicates the end of a line or an isolated point.

An analysis of first and second differentials of current flow at

a point indicates the location and curvature of a line. The sign of the
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Figure 5. Two-Dimensional Potential Figure 6. Determining Character Shape
Field for the Character "2" by Analysis of Second Differential
first differential indicates whether the character lies to the right or
left of the test point. The sign of the second differential indicates
whether the line is straight, curved away from or curved towards the test
point (see figure 6). Note that these currents and differentials are

analog, not digital, phenomena.

To test the first and second differentials, some novel circuits
have been devised. The most novel test uses a differential transformer
technique. Leads from adjacent nodes of the resistor matrix are wound
around ferrite cores with the proper numbers of turns and direction.

There are also sense and interrogate windings on the core.

The core is saturated in one direction or the other, depending
on the sign of the second differential. An interrogate pulse produces

an output only for a positive second differential.

5515 =




ar

The figures to be recognized are described in terms of the
location of major straight lines, the direction of curvature in the
upper, middle and lower portion of the figure, and the location of line
terminals. The present recognition criteria were selected experimentally

and wired into the equipment.

Solartron's commercial character recognition development is the
ERA (Electronic Reading Automation), which converts printed character
information to punched cards at the rate of up to 240 characters per
second. The accuracy claimed is better than one in 10,000 rejects and
one in 1,000,000 errors. The complete recognition system includes a
scanner, memory, logic, and document handler. The latter provides only
for cash register tally rolls, but developments are in process for handling
separate documents. A Scolartron ERA system was observed undergoing final

factory tests in July, 1960.

The ERA is designed to read numerals (0-11), plus some alphabet
characters and special signs. Models are under development for sensing
additional characters. The sensor uses a flying-spot scanner and a
photoelectric pickup, and prescans each character twice. The first prescan
establishes pezk white and black levels, which clamp the limits to a
narrower range than would otherwise be necessary, thus compensating for
smudging and other irregularities. The second prescan establishes x-y
limits to center the character; then a final scan transfers the charac-

ter information into ferrite-core storage. Each character has its own




criteria stored within the machine; both acceptance and exclusion criteria

are used for identification.

Three of the larger German computer manufacturers (Telefunken,
Siemens, and Standard Elektrik Lorenz) have also been working on character
recognition equipment, in an effort to receive contracts for equipment to
mechanize the German Post-Check system and the German Post Office letter-
sorting problem. Telefunken has a pilot model reader for American Banking

Associlation characters under test.

Electric and Musical Industries (EMI) in England is developing

a character reader named FRED (Figure Reading Electronic Device).

MACHINE LEARNING

Exploratory work in learning machines, most of it in the early
stages, 1s being pursued by several European groups, notably the Technische
Hochschulen in Vienna, Austria and Karlsruhe, Germany, and Manchester
University and Solartron in England. Unfortunately, little information is
available on these activities, other than an indication of the general

approach each group is taking.

In Vienna, programs are being developed for the MAILUEFTERL
computer to create a new type of conditioned-reflex automaton. An improved
model of Shannon's maze runner has also been developed, with the ability

to detect circle-ways, resolving them into parts of the solution.

P




The Karlsruhe group has devoted much study to the philosophy of
learning machines, and has produced some excellent articles summarizing
the accomplishments in the field. Their work, like that in Vienna, is
concerned primarily with conditioned reflexes and 1s closely related to
their developments in character recognition. One approach to the con-
ditioned reflex problem uses the multi-step characteristic of ferrite
cores in a matrix, with the sensors connected to one axis and the reactors
to the other. By repeatedly exposing the sensors to the situation, a
conditioned reflex 1s built up so that when the reactors are interrogated
a learning-type reaction is obtained. In addition to character recog-
nition, applications of this technique are seen in information retrieval

and automatic speech recognition.

At Manchester University, one problem under investigation involves
control of a configuration of water tanks in which some drain into others,
some drain into a sink, and some are filled from an external source. All
flows are controlled by valves, some of which operate randomly while others
are controlled by a learning machine. The machine is told only which tanks
are too full or too empty, and must try to maintain the proper levels with-
out knowing how the tanks are interconnected or what the valves control.

Such a machine may find application in chemical processing.

Another learning problem under study at Manchester involves the
memory organization of the MUSE (ATLAS) computer. To achieve, in effect,

a huge fast-access memory, MUSE combines a magnetic core memory and a drum




memory such that information is transferred between the memories without
direction from the programmer. The computer's task is to keep those data
which are frequently requested in the immediate-access core memory, with
less-used data on the drum. When a given block of information is request-
ed, it 1s read out immediately if in core storage, or transferred from the
drum in exchange for an unused block in the core memory. Learning criteria
are being developed so the computer can maintain the best compromise of

storage lucations at all times.

Solartron's association with Rheem Manufacturing Company in the
United States has resulted in the development of Eucrates, an experimental
teaching and learning machine. Learning is accomplished by storing the
number of hits in correlating a keyboa:rd and a selected light. As the
number of hits is increased, the "puplil" part of Eucrates '"'learns" the
correlation, and eventually selects the right key. To simulate human
behavior, a '"'forgettery" control is introduced that requires continuous
enchancement. The "pupil" learns under control of the '"teacher'" part of

the equipment, or on a trail-and-error basis without outside assistance.

Solartron has also developed a teaching machine, the SAKI
(Solartron Automatic Keyboard Instructor), which trains operators in the
use of punch-card equipment. The SAKI consists of a keyboard, a power
supply, and a control unit. On the latter are two indicators, one corre-
sponding to the location of the keys and the other a card with rows of

random numbers and/or letters. In operation, a light shines behind each




of the characters on the card, in sequence. The corresponding keyboard
indicator is also illuminated, telling the trainee which key to depress.
As the proper buttons are depressed, the keyboard indicators grow dimmer
and the presentation rate is increased. If errors ere made, the rate is

reduced and the indicators gradually come back on again.

HYDRAULIC LOGIC

One of the most interesting and unusual developments in Europe
is the work being done at IBM's Zurich Laboratory on hydraulic logic.
This is exploratory work aimed at establishing basic techniques rather

than building hardware.

This application of hyraulic techniques is quite different from
the conventional usage where high power is used to move heavy external
loads. In hyraulic logic there is no external load, thus permitting
lower pressures and much smaller elements. Miniaturization also permits
higher speed, and hydraulic elements compete favorably with relays in
this area of performance. Laboratory models of a free-running multi-
vibrator have been operated at 300 cps, and calculations indicate that,

with care, 2000-cps operation can be achieved.

Although hydraulic elements can take many forms, the devices
built by IBM Zurich use '"spool" valves, shown in both schematic and sym-
bolic form in figure 7. In this simple building block, three inputs
(A, M, and N) and one output (X) are provided. Logical signals in the

form of high and low pressure (corresponding to the voltage/no-voltage

- 18 -
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levels in electronic binary logic) are applied to the inputs. A static !
medium pressure is applied to m. Thus the pressure at A determines the

position of the valve, which in turn defines, together with the input at

M or N, the pressure at X. If high pressure 1s regarded at logical ONE

and low pressure as logical ZERO, the performance 1is described as

X =MA'" + NA

The logical capability of the hydraulic element is thus greater

than that of a single transistor.

By providing a feedback path from X to A, a bistable element is
created. These simple configurations - the gate and the bistable device -
are the basis for all other hydraulic logic elements. Gating networks,
shift registers, counters, matrices, and multivibrators have been built
and successfully operated. Figure 8 shows the logical diagram of a scale-
of-two counter and working model of this unit. Figure 9 shows two multi-
vibrators, with bores of five and one millimeter, respectively. The larger
models are fabricated in clear plasfié, to permit direct visual observation

of operation using stroboscopes and high-speed photography.

Hydraulic logic presents many serious design problems. In many
respects the elements behave like their electronic counterparts, resulting
in such problems as transient peaks when current in an inductive circuit
is suddenly stopped. In addition, many physical effects relating to fluid
flow influence the design. Inertia 1s especially critical in determining
response time, and channel (i.e., conductor) lengths must be equal for two

parallel-fed elements to operate synchronously.
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Despite these problems, the IBM Zurich group has made an im-
pressive start toward realization of practical control and decisioning
equipment using hydraulic elements exclusively. They admit that a hy-
draulic computer 1is in the far distant future, but point to more immedi-
ate potential applications, such as process control and machine tool
control, They feel that the high reliability and long life of hydraulic

components make the technique especially attractive in such applications.

ALGORITHMIC PROGRAMMING LANGUAGE (ALGOL)

In late 1955 Professors Samelson and Bauer of the Technische
Hochschule in Munich, Germany, originated an idea for an easily under-
stood computer input language and an efficient system of converting this
language into machine codes. They began developing conversion principles
in 1956, and in early 1957 made contact with Professor Rutishauser of the
Technische Hochschule in Zurich, Switzerland. 1In 1951 Professor Rutishauser
had stated the problem of algorithmic languages and given a possible so-

lution, which was generally overlooked at that time.

The three men set up a cooperative group which included
Dr. Bottenbruch of Darmstadt, Germany, and submitted a preliminary
language proposal to a German technical society (GAMM) programming
committee which approved it in 1957. The Association of Computing
Machinery in the United States was contacted in 1958 to establish a
unified language. An ALGOL Conference was held in Zurich in June 1958,
followed by the second ALGOL Conference in Paris in 1960. Meanwhile,
Professors Bauer and Samelson moved to the Johannes Gutenberg Universitaet

in Mainz, which became the new center of activity.
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One of the original goals in the translation of algorithmic
languages to machine language was to achieve conversion in a single-pass
read-1n program. No large-scale sorting or searching for patterns by
back-and-feorth scanning of the source information was possible, since
the computers available in Europe at that time did not have large internal
memories or fast peripheral storage. A technique adopted to meet these
requirements is the "cellar principle", wherein information which cannot
be evaluated upon reading 1s stored temporarily in one or more ''cellars"

(sometimes called 'stacks'" or "push-down storage').
P B

Most computer groups on the Continent, including a few in the
USSR, are working on or have completed ALGOL-60 translators for their
machines. ALGOL has been integrated into courses on numerical analysis,
end students with very little training can write programs for their
numerical problems. Experience has shown that program debugging and
improvement 1s easy. Work continues at Mainz on improving the efficiency
of programs and the expansion of the language to handle index registers,
heterogeneous internal memories and magnetic tape units. Based on the
development of ALGOL, interest is shifting to other forms of language

conversion.

NON-DESTRUCTIVE ACOUSTIC DELAY LINE

Elliott Brothers have observed an iInteresting phenomenon that can
be used for non-destructive storage with nickel delay lines. A bit of

information 1s stored in a nickel wire by discharging a capacitor through
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the wire at a fixed point. Bits may be placed at intervals of one-half
to one centimeter along the wire, equivalent to approximately one micro-
second intervals. The discharge applies a permanently stored circular
magnetization to the wire. Passing a current pulse through the wire
sets up an acoustic wave from each bit stored so that an acoustic coil
transducer, mounted on the wire past the current output, will receive a
sequence of acoustic signals corresponding to the stored discharges in

the wire.




[11-REVIEW OF EUROPEAN ACTIVITIES

The following is a digest of material gleaned by the author
through personal visits and from volumes of technical data from companies
and organizations in Europe actively engaged in the information pro-
cessing industry. The order of presentation approximates the author's
itinerary. The material conveys the author's impressions as well as
extra technical details whenever the visit being reported permitted
close observation of an equipment or technique. In other cases, only
general information is presented on a group's activities since detailed

information was not made available.
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GREAT BRITAIN

Computer activity in Great Britain is second only to that in the
United States. Some of the early pioneering work in electronic computation
was done in England; e.g., the first internally programmed electronic com-
puter, EDSAC I, was completed at the Mathematical Laboratory of the University
of Cambridge under the direction of Professor Maurice Wilkes. Universities

continue to play an important role in advanced computer development in

Great Britain.

The application of computers in business is gaining acceptance in
Great Britain, and most of the production of the British computer industry
is for domestic use. Table I lists the computers that were installed or

on order in Great Britain as of July, 1960.

LEQO COMPUTERS LIMITED

Leo Computers Limited is a wholly owned subsidiary of the J. Lyons
& Co. Limited of London, which controls a chain of teashops and hotels and
several large food manufacturing plants. Lyons has for many years been a
leader in management accounting, and was one of the first to set up a
clerical research department in Great Britain. A visit to the ENIAC in-
stallation in the United States in 1946 convinced Lyons management that
computers could be utilized for office use. Finding no one capable of

building a computer for them, they decided to build their own.

!
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TABLE T - LELECTRONIC COMPUTERS IN

GREAT BRITAIN

NO. NO. —7

NAME OF COMPUTER INSTALLED ON ORDER TOTAL
AET 1010 1 1
EMI 1100 5 9 14
EMI 2400 2 2
English Electric: DEUCE 25 3 28
English Electric: KDP 10 2 2
Ferranti: MK I & MK II 9 9
PEGASUS 25 13 38

MERCURY 15 4 19

PERSEUS 2 2

SIRIUS 1 1

ORION 8 &

ATLAS 1 1

IBM RAMAC 305 2 2 4
650 13 13

704 2 2

705 1 1

709 1 1
1401 40 40

ICT 1200 7 7
1201 41 2 43
1202 8 17 25
1301 17 17
LEO I 1 1
II & 1IC 10 1 11

I11 2 2
Elliott: NICHOLAS 4 4

ECCLES, 401, 403

402, 402E, 402F 10 10

405 27 27

609 2 2

802 7 7

803 12 12 24

STANTEC ZEBRA 32 10 42
TOTALS 255 151 406
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The project was started in 1947 and by 1951 LEO I was completed,
based on EDSAC I. Trials, development and expansion continued to the end
of 1953 when satisfactory input and output equipment had been devised.
Since 1951 LEO I has been solving mathematical problems and since 1954 it
has been used to automate office procedures and to provide service bureau
clerical functions to other English companies. LEO I 18 the oldest com-
puter in the world still in operation and it shows every sign of continuing

to be mechanically and technically sound.

On the basis of experience with LEO I a decision was made in 1954
to design and build LEO II computers for both direct sales and for use in
service organizations. The first of these machines began service bureau
work in 1957 and since then seven have been completed. There are three

LEO service bureaus in operation in London.

LEO Computers Ltd. offers a complete computer service: design,
construction, installation, training, servicing, and programming, backed
by service bureau support. Of interest 18 the fact that the company
assumes the responsibility for the first suite of programs run on each
computer that 1s sold or rented. LEO has attained an excellent reputation
in England for its knowledge in applying computers productively in business

and for its contributions to the field.

In the summer of 1960 LEO Computers announced LEO III, a complete-
ly transistorized parallel computer (see detaliled characteristics in table

I). LEO III has three distinctive features. The first is that the basic
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actions arc controlled by micro-programs; a machine instruction is carried
out by a step-by-step series of elementary operations or any simultaneous
group of operations contained in the wired magnetic-core planes. The
second feature is the ability to micro-code the computer to operate as a
multi-radix computer. The radices can be varied easily between binary,
decimal, and sterling, for example. The third feature provides for the
simultaneous operation of two or more different programs under control

of a master program.

UNIVERSITY OF MANCHESTER

The University of Manchester's computer engineering laboratory
originally directed by Professor Fredrick C. Williams (now head of the
Electrical Engineering Department at Manchester) and now directed by
Professor Thomas Kilburn (recently appointed to the newly established
first chatr of computer engineering in England) has been responsible for
many developments in the computer field. .This group developed the Mark I
and Mercury computers manufactured by Ferranti, and is now developing

the MUSE computer to be manufactured by Ferranti under the name ATLAS.

The Mark I was completed in 1951 and did a prodigious amount of
work until it was retired to a museum in 1958. The Mercury built by
Ferranti has been operating 24 hours per day at the University since
1957. The MUSE is being developed and designed at the University of
Manchester by a combined team of University and Ferranti engineers under

Dr. Kilburn's direction. The first ATLAS will be assembled during 1961.
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The MUSE is based on advanced development work in high-speed
solid-state circuits and an extremely sophisticated organization. It is
intended to work with a wide variety of up to 256 peripheral equipments
to satisfy both scientific computation or commercial data processing

rejuirements.

One of the outstanding features of MUSE (see Section IV for
jetails) is a novel adder-carry circuit that gives a fixed-point additionm
of two 48-bit words in 0.25 microseconds, and floating-point addition in

1.1 microseconds.

The organization of the magnetic core and drum memory gives an
effectively hugh internal storage capacity. Up to one million words can
be addressed in the main store; a typical system might have 16,000 words
of core storage (cycle time of 1.3 microseconds) and 100,000 words of drum
storage (5000 rpm). Information is exchanged between the two memories
automatically, without direction from the programmer. An internally stored
program for transferring the least referenced 'pages" (i.e., 512-word block)
to drum storage .- supplied. Other learning criteria are being developed

to establish which page should be exchanged in the transfer.

Each page of information retains its unique identity regardless
of where it is stored. A flip-flop register associated with the core
memory identifies each "page'" of information currently held in that location.
When information is requested its page identification is rapidly compared

with the contents of the flip-flops. If the desired information 1s located
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in the core store, it is read out immediately; 1f not, it is located in

the drum memory and transferred to core store (in exchange for an unwanted

block), then read out. Other operations may be interleaved during this

transfer.

In addition to the main store a '"fixed store' is provided for
storing constants, sub-routines, and program organizing routines. This
fixed store, a new device developed by the Manchester group, consists of
ferrite rods inserted into a wire mesh (see details in part II)., It has
a capacity of 8192 words, an access time of 0.2 microseconds, and a 0.4
microsecond cycle time. (A similar smaller memory system is being built

at the University of Pisa from the wire mesh supplied by Kilburn.)

An Internal subsidiary core memory of 1024 words 1is provided,
alterable only by the program in "fixed store''. The programmer does not
have direct access to this memory, which 1s used for such things as
variables and for storing the locations of the next word. An addit{onal

100-150 words of "V-Store'' are provided to control peripheral equipment.

Up to 32 magnetic tape units (Ampex FR-300A) can be attached to

the computer via tape concrol units. Up to eight may operate simultaneously,

either reading, writing, or searching at 90,000 characters per second.
Other available input/output includes four paper tape readers, four paper
tape punches, one xerographic printer and a graphic display unit. All of

these peripheral equipments can operate simultaneously.
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Over 300 instructions are available for programming MUSE, In-
cluded are basic operations and "extracode'" operations. The latter, in-
distinguishable to the programmer from the basic instructions, initiate

special subroutines for more complex operations.

Automatic programming techniques are being developed for ATLAS.
Covering both mathematical and data-processing applications, the automatic
programming will accept programs written in the AUTOCODE system devised

for the Ferranti MERCURY computer, as well as FORTRAN and ALGOL codes.

In addition to the MUSE project, research on magnetic thin film
and electroluminescent techniques continues under the direction of
Dr, G. R, Hoffman. A 16-inch-square 512x512 coincident-voltage electro-
luminescent display has been demonstrated. Dr. R, L. Grimsdale is super-
vising work in machine learning and pattern recognition. The learning
work is directed toward getting a computer to write its own programs based

on experilence, as, for example, in the MUSE core-drum transfer.

FERRANTI LTD.

Ferranti Ltd. was one of the earliest companies in Great Britain
to enter the computer field, beginning with the Mark I development with
the University of Manchester in 1951. Since then Ferranti has produced
a large family of electronic digital computers, and the company is today
at the forefront of technological developments and scientific computation
in England. The characteristics of each of the many Ferranti computers are
summarized in Section IV. Some of the more recent developments are noted

below.
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The SIRIUS is a small decimal computer with nickel delay line
memory and punched tape and card input-output. It was produced in 1959
to prove the "Neuron' building block concept, a standardized linear
ferrite core-transistor element from which the entire logic and the vast

majority of the computer is built.

ARGUS 1is a process control computer developed in 1960 with a

12-bit word and 57 instructions. It is peg-board programmed.

The ORION, a large-scale commercial data processor with a vast
array of input-output equipment, will be marketed in 1961. It is a
sophisticated multiple-program computer assembled from the "Neuron"
elements used in SIRIUS. The fabrication techniques used for ORION were
the most advanced observed in Europe. Printed-circuit cards plug into
chassis which are assembled on a twin-door cabinet. The cards are inter-
connected with wire-wrapped backplane wiring, and the chassis connected
to other chassis on the same or different doors through molded flexible

multi-conductor flat strips.

The ATLAS computer, jointly developed with the University of
Manchester and described in the previous section, will be available in
1962. It is the most advanced computer, from the system organization,
circuit techniques and memory design pcints of view, being developed in

Europe at the present time.

Ferranti also manufactures a business transactor, high-speed

paper tape readers, magnetic drums, nickel delay lines and other computer




equipment that may be found used on non-Ferranti systems. They maintain

a large service bireau i both London and in Manchester.

The computer industry in England regards the automatic programming

work being done by Ferranti as the best in the country.

ELLIOTT BROTHERS

Elliott Brothers 1is a division of Elliott Automation, a holding
company founded in 1801. Elliott {s an aggressive, dynamic firm, directing
its attention primarily to the field of scientific and industrial appli-

cation and automation fields of electronics.

Elliott entered the general-purpose computer field in the early
19508, producing several serial scientific machines. These computers
(NICHOLAS, 401, 402, 403) were characterized by nickel delay line storage

and vacuum tube/diode logic.

The first business data processing machine made by Elliott was
the 405 computer, which was based on the same tube/diode logic as the
earlier system and included a magnetic (35mm sprocketed) film memory and
a 16,000-word magnetic disc memory with simultaneous transfers to the
working store of nickel delay lines from these units and the central

processor.

A marketing agreement was concluded in 1956 with the National
Cash Register Company for the sale of Elliott computers for business appli-
cations in Great Britain, Europe and many parts of the world outside the

United States.
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In 1958 Elliott introduced the partly transistorized 802 computer
which was followed almost {mmediately by the completely transistorized 803.
The latter, which incorporates a 4,096-word ferrite core working memnory,
is being marketed in three areas; as a small-scale scientific computer
(the basic machine with paper tape input and output); as a small-scale
business data processor (with magnetic film storage); and as the computer
unit of the TSI 609 on-line industrial data processing system. FExtensive
laboratory simulation studies were underway in June 1960 on the use of
various kinds of computers and the criteria involved for real-time computer
process control. The 803 is enjoying wide interest throughout the world
as shown hv sales in the United States (in the form of the 609). Eaglond

and the Continent, and in the U.S.8.R.

Input/output for the 803 consists of punched *apes and cards;
however, anv device capahle of transmitting digital data can le attached
{e.e.. a digital clock or, via an analog-to-digital converter, thermocuuples,
pressure gauges, flow meicis, ete.). Bnlk storage is obtained bw g taching
the Elliott 35mm magnetic film unit. FEach film reel holds 262,144 words

and information can le transferred to core storage in Of-word Dlocks.

E1lictt has announced a new computer, the 503, which is to be o
large high-speed scientifis machine similar to the 803. The high-opecd
circuitry in the 503, similar to that developed by the University of

f1linois, nses transistors with an alpha cntoff of A0 megacycles and operates




in the non-saturating mode. The silgnal levels are zero and one volts and
the pulses used Iin this circuitry are 45 millimicrosecond duration with
an 8-10 millimicrosecond rise time. The flip-flop uses seven trinsistors
and five diodes. The measured delay per stage in this type circuitry is
30 millimicroseconds. The memory is a magnetic core type of 1,024 words,
20 bits per word. Cycle time is one microsecond. Input/output can be
two monitor typewriters, multiple units of the Elliott paper tape readers
(1000 characters per second), Teletype punches (100 characters per
second), Elliott Card Readers (400 cards per minute), the IBM Card Punch
(100 cards per minute), Potter tape transports (279,000 bits per second)

and a line printer (900 lines per minute).

Eliiott 1s doing advanced development in the fields of wired
cores memories, transistor/resistor NOR circuitry, and nickel delay line

storage (see part 11).

Elliott is well diversified in the fields of analog computers and
peripheral equipment. The unit construction principle is used in the

manufacture of their equipment and most orders are custom specified.

Elliott operates a major computing center at its Borehamwood,
Hertfordshire plant. Used primarilv to develop new rrograms and explore
new applications for computers, the center includes two 405 computers, two
402 computers, an 802 and an 803. Peripheral equipment includes a BULL

off-line printer and magnetic tape-to-paper tape (and vice versa) converters.
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In addition, NCR maintains three computing centers in England operating

405 computers on a time rental basis.

EMI ELECTRONICS LIMITED

EMI Electronics Ltd., a wholly owned subsidiary of the 35-year-old

Electric & Musical Industries Ltd., was formed seven years ago and manu-

Jactures professional electronic equipments including military electronics,
industrial television, nuclear instruments, machine tool control systems,
and analog and digital computers. EMI Electronics employs about one-third
of the total 34,000 EMI personnel. From 1930 until his untimely death

in World War II Mr. A. D. Blumlein was Chlef Engineer of EMI and was a
ploneer who has been credited with developing television, TV broadcasting
systems, and many of the electronic circuits in radar. EMI was the leader

in electronics in England.

EMI, known for its work in analog control systems, decided to
enter the general-purpose electronic digital computer field a few years
ago. Its first commercial machine, the EMIDEC 1100, used transistors
and magnetic cores in dynamic circuitry mounted on printed-circuit cards.
The 1100 is a two-address binary parallel machine with a 36-bit word.
Memory consists of a 1,024-word magnetic core storage and a multiple
number of drums in either 8,192-or 16,384-word size. Up to 16 peripheral
units may be included in the system. Input/output is magnetic tape
(modified Ampex FR-300), card or punched tape, and printer. Each

peripheral unit is connected to the computer through double buffers,
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thereby minimizing the need for a fast interrupt. Operation times are
approximately 125 microseconds for addition and subtraction, and 1.1
milliseconds for multiplication and division. Microprogramming is achieved
by a wired 80 x 20 matrix of magnetic cores. There are 128 wires in the
matrix, and almost all instructions require some microprogramming to
execute. In July 1960 there were 14 EMIDEC 1100's ordered, of which

five had been delivered.

In 1955 the National Research Development Corporation contracted
with the EMI Electronics to design and davelop an advanced data processing
system. This system, the EMIDEC 2400, is a very large high-speed data
processor comparable to the IBM 7080. It has a highly sophisticated
organization of on-line and off-line peripheral equipment. 1In July 1960
the original computer had been operating for 18 months and the whole
system for 12 months. Two 2400 systems had been sold and were under

construction. EMI plans to manufacture four systems per year.

The 2400 uses l-megacycle transistor-diode logic operating in
the parallel binary mode. Magnetic core storage is used for working data,
supplemented by a small diode-capacitor store for control functions.
Input data from such devices as keyboards, paper tape punched cards, etc.
are converted off-line to l-inch magnetic tapes which are then used as
input to the central processor. Similarly, the computer output is recorded

on magnetic tape, which feeds off-line such output devices as card punches,
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tape punches, and printers. A Rank xerographic printer is available for
high-speed output (3000 lines per minute). In addition to the off-1line
facility, the central computer also has a slow-speed on-line input/output
facility, for direct communication with paper tape or card units, printers,

etc.

For bulk storage of data, 4-inch magnetic tape file search units
are included in the off-line equipment. One 4-1inch tape provides storage
for over 25 million characters. The file search 1s controlled by a 1l-inch
tape unit prepared by the computer, and the information extracted from
the bulk storage 1s prepared on a l-inch tape for input to the computer.
Both tape units operate at the same data rate, 20,000 characters per
second per channel. The l-inch unit has two parallel channels of 12 tracks
each, while the 4-1inch unit has ten channels of nine tracks each. The file

search unit also includes a 512 x l4-bit core memory for temporary storage.

Special features of the 2400 include automatic inter-unit switching
of peripheral units, with an interrupt facility to permit breaking into
the normal computing routine for peripheral unit control; elaborate error

checking; and time-sharing of computing and input/output functions.

The 2400 is constructed from printed circuit plug-in modules of
50 basic types, and contains 20,000 transistors and 60,000 diodes. The

core memory 1s built from 4096-word stacks into 16,384-word modules.
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Eight protgtype magnetic tape transports designated the EMI Tape
Deck 410 had been operating for over 12 months in July 1960. These tape
units use a vacuum capstan with electrostatically controlled bin reservoirs.
The 1-inch tape provides for 24 tracks, only 12 active at one time, each
track interspaced to minimize the effect of contiguous faults. Data
occupies six tracks, and error-correcting code four tracks and a dual
clock two tracks. The data is recorded at 100 frames per inch and the
tape moves at 200 inches per second. The engineering of the EMIDEC 2400
and the tape decx stressed reliability to & higher degree than most other

equipments seen.

There is a sizeable programming staff developing routines, compilers

and assemblers for the 2400.

The comrany produces a character reading device called "FRED"
(Figure Reading Electronic Device), which converts printed figures into

magnetic tape code. Details of this development were not available.

In machine tool contiol, EMI has applied its analog control
equipment to a Cincinnati Hydrotel miller for cutting contours; and has
an agreement with Cincinnati Milling Machine Company for marketing the
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